Changes in follicular and luteal structures were assessed and concentrations of estradiol and progesterone were measured in 13 Hereford x Angus suckled beef cows during resumption of estrous cycles. Transrectal ultrasonography was used to monitor follicular size, ovulation, and formation and regression of the corpus luteum (CL). The interval from p h t i o n to first postpartum ovulation (FO) was 82 f 4.7 d. Serum progesterone remained low before FO. One cow exhibited standing estrus, two cows showed other signs of estrus, and 10 displayed no signs of behavioral estrus preceding FO. AU cows exhibited standing estrus before the second postpartum ovulation (SO). AU cows had a short luteal phase after FO, with an average interval of 8.5 f .2 d between FO and SO. Concentrations of estradiol in serum during the 8 d preceding ovulation were similar before FO and SO. Maximal diameter of the preovulatory follicle was similar before FO and SO. However, the ovulatory follicle was larger in diameter at 2 d (P = .02) and 3 to 8 d (P < .005) before FO than before SO. The time from detection until ovulation was less (P = .005) for the ovulatory follicle preceding SO than for the follicle associated with FO (8.5 vs 10.2 d, respectively, SE = .4). The second-largest follicle was larger (P < .005) in diameter during the 8 d preceding the FO than before the SO. The difference in size between the ovulatory follicle and the second-largest follicle on the day before ovulation was greater (P < .005) preceding SO than preceding FO (8.7 vs 6.6 mm, respectively, SE = .4). Concentrations of progesterone in serum and diameter of the CL were similar during the first 4 d after FO and SO. In contrast, from 5 to 8 d after ovulation, progesterone was higher (P < .001) and CL diameter was larger (P < .005) after SO than after FO. We conclude that patterns of follicular growth were different before FO and SO. However, the first postpartum estrous cycle was initiated by ovulation of a follicle that was similar in size to the follicle that resulted in SO. Signs of estrus were less obvious or absent preceding FO, and FO was followed by a shorter luteal phase that was associated with less progesterone than was SO.
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referred to as short luteal phases or as short 2548 estrous cycles, if ovulation was preceded by estrus. Short estrous cycles were first observed in postpartum anestrous cows (Foote and Hunter, 1964; Morrow et al., 1968) . The progesterone produced during the short luteal phase may be necessary for a normal luteal phase because exposure to progesterone before induction of ovulation results in first luteal phases of normal duration (Ramirez-Godinez et al., 1981; Pratt et al., 1982) . However, whether the length of time from calving to ovulation affects those effects has not been shown.
Studies concerning follicular dynamics during resumption of estrous cycles have been performed by surgically obtaining preovulatory follicles expected to result in formation of short-lived CL and comparing characteristics of those follicles to preovulatory follicles obtained from normal cycling cows (Braden et al., 1989) or from progestogen-treated cows (Garcia-Winder et al., 1987; Inskeep et al., 1988) . The follicular dynamics associated with the first spontaneous estrous cycles in postpartum cows have not been observed by ultrasonography. A clearer understanding of those events at various times postpartum should lead to improved techniques for induction of cyclicity in suckled cows after calving. Therefore, the objectives of this study were 1) to monitor changes in follicular and luteal size associated with the first and second spontaneous ovulations in postpartum suckled beef cows by transrectal ultrasonography and 2) to measure changes in serum concentrations of progesterone and estradiol associated with these ovulations and associated luteal phases.
Materials and Methods
Animals and Management. Twenty-eight Hereford x Angus cows (4 yr of age) were used from a previous study with a 2 x 2 factorial arrangement of treatments in which cows were allotted to receive either 70 (low, L) or 150% (high, H) of recommended levels of dietary energy (NRC, 1984) either before and(or) after parturition. Thirteen of the 28 cows ovulated by 110 d postpartum (5 L-H, 2 H-L, and 6 H-H cows) and data from these are reported herein. Cows and calves were maintained in a single drylot. At 0700 each day, cows were separated from calves, placed in individual feeding stalls, and fed their daily diet. Diets were formulated to be similar except for dietary energy and to meet maintenance requirements for content of CP, calcium, and phosphorus (NRC, 1984). The composition and calculated energy and protein contents of the diets are shown in Table 1 . Cows and to examine each ovary as described by Pierson and Ginther (1987) . Ovarian scans were performed at 2 d intervals beginning 6 d postpartum then daily from d 25 postpartum until 10 d after the second postpartum ovulation (SO). Ovulation (d = 0) was determined by disappearance of the largest follicle followed by the formation of a CL. A l l images were recorded on video tape, and measurements were made later during replay on a television monitor. Follicles with antral diameters 2 5 mm were identified and measured, as well as diameter of developing and regressing CL from daily recordings.
Specific measurements included diameters of follicles on the day of detection, maximal diameters of ovulatory follicles and subordinate follicles, comparative size of ovulatory follicles and the second-largest follicles on the day before ovulation, and diameters of CL daily after ovulation. The number of days from appearance to ovulation of follicles, number of subordinate follicles detected in the same follicular wave as the ovulatory follicle, and the number of days each subordinate follicle was detected were recorded.
Blood Collection and Radioimmunoassay. Jugular blood samples were collected at 2 d intervals from parturition until 24 d postpartum, then daily from d 25 postpartum until 10 d after the SO. Blood was refrigerated (4C) and allowed to clot for 12 to 16 h until it was centrifuged at 5'C for serum collection. Serum samples were stored at -20'C until they were assayed. Serum samples collected at 10-d intervals from parturition until 15 d before FO and daily samples collected Itom 15 d before FO until 10 d after SO were assayed for progesterone using a validated RIA described by Skaggs et al. (1986) . D a i l y serum samples from 10 d before FO to 10 d after SO were assayed for estradiol-17fl using a validated RIA described by Skaggs et d. (1986) , with some modifications. First, serum in a .3-ml aliquot was extracted with 3 ml of ethyl acetate. Second, the dilution of antiserum was 1:1.5 x 106. Third, radiolabeled estradiol (estradiol-6-(O-carbxymethyl) oximin0-2-[1231Jiodohistamine) was used as the ligand at 28,000 dpdassay tube. Fourth, after standards and unknowns were incubated at 4'C for 16 to 24 h with antiserum, radiolabeled estradiol was added (200 pl) and the mixture was incubated for an additional 6 h before separation of bound and free hormone. The intra-and interassay CV for samples quantified in seven assays used to determine progesterone and five assays used to determine estradiol averaged 8.3 and 15.0% and 12.0 and 21.7%, respectively.
Statistical Analyses. Concentrations of progesterone and estradiol in serum and diameter of ovulatory and second-largest follicles and CL in relation to days either preceding or after FO and SO were analyzed using the GLM procedure of SAS (1985) as a split-plot analysis of variance with repeated measurements over time. Sources of variation were ovulation (FO vs SO), cow within ovulation, day, and ovulation x day interaction. The effects of ovulation were tested using cow within ovulation as the error term, and the effects of day and the ovulation x day interaction were tested using the residual error term Maximal diameter of ovulatory follicles, diameter of ovulatory follicles on the day of appearance, interval from their appearance to ovulation, number of subordinate follicles, maximal diameter of subordinate follicles, duration of appearance of subordinate follicles, and the difference in size of ovulatory follicles and the second-largest follicles on the day before ovulation were compared before FO and SO using the GLM procedure of SAS (1985) . owlation (FO vs SO) was the only source of variation included in the model, and the residual error term was used to test this effect. Simple correlation coefficients were determined between diameters of preovulatory follicles and concentrations of estradiol in serum and diameters of CL and concentrations 
Results and Dlscussion
Postpartum Interval to Ovulation and Esrrous Activity. Interval from parturition to FO was 82 f 4.7 d, with a range from 52 to 110 d. The interval to FO in our study was longer than that reported previously for suckled beef cows (Kiracofe, 1980 ). The differences between our study and previous reports were possibly due to the nutritional treatments imposed. Also, because cows and calves were maintained in drylot, cows were exposed to increased suckling intensity, which can lengthen the interval from parturition to first estrus (Williams, 1990) .
Patterns of progesterone in serum and their relationships to diameter of CL from parturition until 10 d after the SO were similar among all cows. An example for one representative cow is illustrated in Figure 1 . Serum progesterone remained low (I .2 ng/ml) before FO. Transient elevations in progesterone concentrations in plasma or semm have been reported for 3 to 5 d before FO in suckled @onaldson et al., 1970) and &ed (Butler et al., 1981) cows. It has been suggested that those increases in progesterone were from luteinized follicles or the adrenal gland (Corah et al., 1974) . However, Castenson et al. (1976) reported that luteinization of follicles occurred infrequently in primiparous postpartum cows before FO, and numerous studies have documented that initial increases in peripheral progesterone in blood of postpartum cows are preceded by ovulation and associated with formation of CL (Stevenson and Britt, 1979; Odde et al., 1980) . Our observations using ultrasonography support these latter findings.
One cow exhibited standing estrus, two cows showed increased activity (attempted mounts, bawling) without standing to be mounted, and 10 cows exhibited no visible signs of behavioral estrus before FO. Patterns of estradiol and progesterone in serum before FO were similar for the three cows that exhibited some signs of estrus and for the cows that showed no signs of estrus before FO.
All cows exhibited standing estrus before SO.
First Luteal Phase. All cows, regardless of prior estrus behavior, exhibited short luteal phases after FO. The interval from FO to SO was 8.5 f .2 d (Figure 2 ). Short-lived CL after the fist spontaneous postpartum ovulation have been reported ( Williams and Ray, 1980 ), but at a lower frequency. Short-lived CL are formed in postpartum anestrous cows that are induced to ovulate by calf removal (Odde et al., 1980; Ramirez-Godinez et al., 1981) , by administration of GnRH (Lishman et al., 1979; Kesler et al., 1980) Figure 3A) . Concentrations of estradiol in serum were slightly, but not significantly, greater for 2 d preceding SO than for 2 d before FO. This is in agreement with the patterns of estradiol secretion reported by Ramirez-Godinez et al. (1982) . Diameter of ovulatory follicles was larger at d -3 (P = .02) and d -4 to -8 ( P < ,005) relative to FO than relative to SO ( Figure 3B) . Ovulatory follicles expected to form short-lived CL were reported to be similar in size to follicles expected to form normal CL in one study (Braden et al., 1989) . In other studies, however, the first ovulatory follicle was reported to be smaller in size (Garcia-Winder et al., 1987) and lighter in weight because it contained less follicular fluid (Inskeep et al., 1988 ) than preovulatory follicles expected to form normal CL. Concentrations of estradiol in serum and diameters of ovulatory follicles were correlated (r = .30, P < Ovulatory follicles preceding the FO and SO were similar in diameter when first detected and when reaching maximal size (Table 2) .4
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growth and regressed.
before FO and before SO. Thus, because ovulatory follicles preceding SO reached a similar maximal size in fewer days, they exhibited a faster (P < .04) rate of growth than ovulatory follicles associated with FO (.89 vs .79 d d , respectively). These growth rates were less than those reported for the dominant anovulatory follicle of the first wave and the ovulatory follicle of heifers exhibiting two waves of follicular growth during the estrous cycle (2.0 and 1.4 mm/d, respectively; Knopf et al., 1989). Shortened duration of the fist luteal phase may have caused the increased rate of growth of the second preovulatory follicles. In dairy heifers having three waves of follicular growth and, thus, three dominant follicles during an estrous cycle, the interval from first appearance to ovulation was shorter for the ovulatory follicle than for the dominant anovulatory follicles of the first two waves (Ginther et al., 1989) . It seems that similar mechanisms are involved in shortening the interval from detection of the ovulatory follicle to ovulation in normal estrous cycles and following the short luteal phase, because growth of the ovulatory follicles occurs most rapidly following a decline in serum progesterone in both scenarios.
Waves of follicular growth have been reported during the estrous cycle (Savio et al., 1988; Sirois and Fortune, 1988; Ginther et al., 1989) . Follicular waves by definition are composed of a dominant follicle and subordinate follicles that seem to originate from the same follicular pool. Dominant follicles exhibit increased rate of growth and exceed the diameter of all other follicles within the follicular wave. Subordinate follicles are the remaining ones within a follicular group and usually become static and regress within a few days after their appearance. All first ovulatory follicles, except one, in our 13 cows developed in association with subordinate follicles. The number of subordinate follicles in each wave was greater (P = .02) before SO than before FO. The maximal diameter of subordinate follicles was similar preceding FO and SO, and the duration of appearance of subordinate follicles was longer (P = -02) preceding FO Diameter of second-largest follicles was larger (P < .005) during the 8 d preceding the FO than during the 8 d before SO (Figure 3C ).
Patterns of growth of second-largest follicles were different preceding FO and SO. In general, second-largest follicles associated with SO were first detected, increased, and then decreased in diameter to < 5 mm during the 8 d preceding ovulation, whereas secondlargest follicles associated with FO were considerably larger and were regressing in diameter during the 8 d preceding ovulation. The difference in size between the ovulatory follicle and the second-largest follicle on the day preceding ovulation was greater (P < .005) before SO than before FO (Table 2 ). Likewise, others have shown that the difference in size between the largest and second-largest follicles was greater in progestogen-treated cows than in control. (Garcia-Winder et al., 1987) . It has been suggested that progestogen treatment of postpartum anestrous cows may lead to increased dominance of a single follicle (GarciaWinder et al., 1987; Inskeep et al., 1988) .
We have shown that patterns of follicular than preceding so. with the first postpartum increase in progesterone. Only one cow had serum progesterone concentrations in excess of 1 n g / d during the short luteal phase. When 1 ng/ml of serum progesterone is used to indicate ovulation, the first short luteal phase may be undetected if peak levels of progesterone are e 1 ng/ml. In this context, earlier observations of rises in serum progesterone preceding the f i r s t postpartum estrus in cows (Corah et al., 1974) were likeiy to have been increases in progesterone associated with short luteal phases, as suggested by Ramirez-Godinez et al. (1982 Diameters of the f i t and second CL were similar through d 4 after ovulation; however, CL formed after SO were larger (P c .005) in diameter from d 5 to 8 after ovulation than those formed after FO ( Figure 4B ). Concentrations of progesterone in serum and diameters of CL were correlated (r = .80, P < .001)
during the 8 d after FO and SO.
lrnpllcations Postpartum suckled beef cows had different patterns of follicular growth before the fiist and second postpartum ovulations. Although not designed to test these effects, this study demonstrated that the short luteal phase is a common occurrence after the first ovulation in cows that are several weeks postpartum. In addition, patterns of progesterone secretion during the short luteal phase after spontaneous first ovulation seem to be similar to those reported during the short luteal phase in cows that are induced to ovulate.
